Objectives: For many children, the emergency department (ED) serves as the main destination for health care, whether it be for emergent or nonurgent reasons. Through examination of repeat utilization and ED reliance (EDR), in addition to overall ED utilization, we can identify subpopulations dependent on the ED as their primary source of health care.
D espite recent improvements in insurance coverage and access to primary care, the emergency department (ED) continues to be a common source of care for many children in the United States with approximately 18% of children visiting the ED in 2012. 1, 2 It is estimated that one in five ED visits are made by children. 3 Parents and guardians bring their children to the ED, instead of a primary care provider, for a number of reasons, including convenience, perceived illness severity, inconvenient appointment times, and perceived need for in-depth diagnostic testing or medical interventions. [4] [5] [6] Health professionals report that parents have difficulty in distinguishing between emergent and nonurgent issues, which leads to overutilization of EDs. 4, 7 Frequent visits to the ED in place of primary care offices exacerbates overcrowding issues and can diminish continuity of care. [8] [9] [10] Pediatric ED utilization varies greatly among children with different forms of insurance coverage. Analysis of data from the 2012 National Health Interview Survey (NHIS) showed that over a 12-month period, 25% of children with Medicaid visited the ED at least once, compared to only 13% of children with private insurance and 16% of children without insurance. 11 Notably, the relationship between insurance coverage and ED utilization was observed in both children with a single visit as well as children with repeated visits. Prior examinations of pediatric ED use have found that children with public insurance are more likely to have an ED visit during the year than children with private insurance or children without insurance. [11] [12] [13] Analysis of the 2000 to 2002 Medical Expenditure Panel Survey (MEPS) revealed that children with public insurance were significantly more likely to have two or more ED visits than children with private insurance, while children without insurance were less likely to have repeat visits.
14 Examination of ED reliance (EDR), the percentage of an individual's health care visits that occur in the ED, can provide insight into children's use of the ED in relation to their overall health care utilization. Prior analysis of EDR showed that children with public insurance were significantly more likely to have high EDR than children with private insurance, whereas there was no significant difference for children without insurance and privately insured children. 14 There have been significant efforts to improve access to care over the past decade since the most recent analysis of pediatric ED utilization using MEPS data. Therefore, an examination of current utilization patterns and EDR in a nationally representative sample of children would provide a contemporary picture of ED use. Furthermore, previous examinations of pediatric ED use have not examined all three measures of utilization within a single data source, which would provide a more complete picture of children dependent on the ED as their primary source of health care. The objective of this study was to examine the utilization of the ED by children with different forms of insurance and describe factors associated with repeat ED use and high reliance on the ED in a nationally representative sample of children in the United States.
METHODS

Study Design
The MEPS is a national survey consisting of five rounds of interviews over the course of two years conducted by the Agency for Healthcare Research and Quality (AHRQ). 15 Surveys of individuals and families are conducted to ascertain nationally representative information on health conditions, types of health services received, and the frequency of utilization. Information collected regarding the health insurance coverage of surveyed individuals and the costs associated with the services received allows for detailed analyses of health care utilization by insurance coverage. For this study, we utilized data from the 2010, 2011, 2012, 2013, and 2014 MEPS Household Component files. [16] [17] [18] [19] [20] 
ED Utilization
The number of ED visits reported in the MEPS interview for the 1-year study period (calendar year) was used to define ED utilization. Overall ED utilization was defined as a dichotomous variable of children with and without at least one ED visit within a 1-year period. Children with two or more ED visits over the 1-year study period were classified as repeat utilizers. 14 The visit reason was categorized as injury if at least one Clinical Classification Code in the range 225 to 244 was reported during the interview regarding the ED visit. Otherwise, the visit was classified as due to noninjury reasons.
Reliance on the ED Children with at least one ambulatory health care visit (ED, outpatient, or office-based) were categorized based on their reliance on the ED. EDR, the percentage of all health care visits that occur in the ED, was calculated for children with at least one health care visit using the formula employed by Kroner et al.: 14 number of ED visits/(number of ED visits + number of outpatient visits + number of office-based visits). Based on prior studies of pediatric ED utilization, low EDR was defined as 0.00 to 0.33 and high EDR was defined as >0.33.
14,21,22
Covariates Covariates were selected based on a review of past research. 12, 14, 23 Demographic information obtained from the MEPS included insurance coverage, categorized as private insurance, public insurance, and uninsured; sex, categorized as male or female; age, categorized as 0 to 3, 4 to 9, 10 to 14, or 15 to 17 years old; race/ethnicity, categorized as Hispanic, nonHispanic white, non-Hispanic black, and non-Hispanic other race; and family's household income as a percentage of the federal poverty line (FPL), categorized as poor (<100% FPL), near poor and low income (100%-199% FPL), or middle and high income (≥200% FPL) based on MEPS poverty categories. 24 Categorical age was used for the analyses instead of continuous age as the relationship between age and ED utilization was not linear.
Data Analysis
Descriptive analyses were conducted to examine the demographics of children visiting the ED and reasons for the ED visit. Multivariate logistic regression was used to examine the association between insurance coverage and overall ED utilization among all children in the sample. Multivariate logistic regression was also used to examine the association between insurance coverage and repeat ED utilization among children who had at least one ED visit. A direct model building approach was used. 25 Covariates adjusted for in the multivariate models included sex, age, race/ethnicity, and family's household income as a percentage of the FPL.
Descriptive analyses were conducted to examine the demographic characteristics of children with a least one health care visit in the study year according to their reliance on the ED. Multivariate logistic regression was used to examine the association between insurance coverage and EDR among children with at least one health care visit in the study year.
Agency for Healthcare Research and Quality-provided weights and SAS survey procedures were used with all analyses to account for the complex MEPS sample design and allow for unbiased national estimates. 15 The analytic weight variable was divided by five, the number of years of pooled data, to estimate the average annual population size for the time period. This study was reviewed by the Brown University Human Research Protection Program and determined to not require institutional review board review as it uses publicly available data without personally identifiable information. For all analyses, statistical significance was assigned based on a p-value of <0.05. Statistical analyses were conducted using SAS 9.4 (SAS Institute).
RESULTS
The study sample consisted of 47,926 children aged 17 years or younger, who made 7,389 ED visits. Following AHRQ weighting procedures, the sample represented approximately 75 million children in the United States and their 11 million average ED visits each year.
Overall ED Utilization
Approximately 11.8% of all children in the sample had visited an ED in the study year. Children with ED visits had a mean of 1.3 visits (median = 1, interquartile range = 1-1). A greater percentage of children with public insurance (15.2%) visited an ED at least once, compared to those with private insurance (10.1%) and without insurance (6.4%; Table 1 ). A larger percentage of children 3 years of age and younger had ED visits compared to older children. Approximately 15.1% of children from families with incomes less than 100% of the FPL had an ED visit in the study year, compared to 12.3% of children from families with incomes between 100 and 199% of the FPL and 10.5% of children from families with incomes above 200% of the FPL.
Almost 40% (95% confidence interval [CI] = 37.3%-41.6%) of children who visited that ED in the study year had at least one visit due to injury, whereas the other 60% (95% CI = 58.4%-62.7%) of children only visited the ED for non-injury-related reasons. The leading reason for visiting the ED varied according to insurance coverage, with 67.9% (95% CI = 65.4%-70.5%) of children with public insurance only visiting the ED for non-injury-related reasons, compared to 53.5% (95% CI = 50.4%-56.5%) of children with private insurance and 61.2% (95% CI = 52.3%-70.1%) of children without insurance. The leading reason for visiting the ED also varied according to age, with 71.5% (95% CI = 68.7%-74.3%) of children age 0 to 3 only visiting the ED for non-injury-related reasons, compared to 61.0% (95% CI = 57.4%-64.7%) of children aged 4 to 9, 48.7% (95% CI = 44.5%-52.9%) of children aged 10 to 14, and 53.1% (95% CI = 48.2%-58.0%) of children aged 15 to 17.
Without adjustment for covariates, children with public insurance were significantly more likely to visit the ED (unadjusted odds ratio [OR] = 1.59, 95% CI = 1.46-1.73; analyses not shown) than privately insured children, whereas uninsured children were less likely to visit the ED (unadjusted OR = 0.60, 95% CI = 0.48-0.76). In the multivariate model, children with public insurance remained significantly more likely to visit the ED (adjusted odds ratio [aOR] = 1.55, 95% CI = 1.40-1.73) than privately insured children and uninsured children remained less likely to visit the ED (aOR = 0.64, 95% CI = 0.51-0.81; Table 2 ). Children 3 years and younger were more likely to visit the ED than older children and female children were less likely to visit the ED than male children. Hispanic and non-Hispanic other race children were less likely to visit the ED than nonHispanic white children. There were no significant differences in overall ED utilization by family income.
Repeat ED Utilization
Approximately 21.5% of children who visited the ED had two or more visits in the study year (range = 2-12 visits). Children with repeated ED visits had a mean of 2.4 visits (median = 2.0, interquartile range = 2.0-2.1). Without adjustment for covariates, children with public insurance were more likely to have two or more ED visits than privately insured children (unadjusted OR = 1.49, 95% CI = 1.23-1.81). Uninsured children were not more likely to have two or more ED visits than children with private insurance (unadjusted OR = 1.17, 95% CI = 0.69-1.98). In the multivariate model, children with public insurance remained significantly more likely to have two or more ED visits (aOR = 1.53, 95% CI = 1.19-1.98) than children with private insurance (Table 2) . Children 3 years and younger were more likely to have two or more ED visits in the study year than older children. Hispanic children were less likely to have two or more ED visits than non-Hispanic white children. There were no significant differences in repeat utilization by sex or family income among children who visited the ED.
Reliance on the ED Almost 76% (n = 33,722) of children had at least one health care visit in the study year. Among these children, 8.2% had high EDR, indicating that more than one-third of their health care visits were to the ED rather than a physician's office or outpatient center. Approximately 12.1% of children with public insurance and 11.1% of uninsured children were high EDR compared to only 5.7% of children with private insurance (Table 1) . Furthermore, 12.9% of children from families with incomes less than 100% of the FPL and 10.0% of children from families with incomes between 100 and 199% of the FPL were high EDR compared to 5.9% of children from families with incomes above 200% of the FPL. A greater percentage of non-Hispanic black children were high EDR. Further examination of children with high EDR revealed that 20.5% of children with private insurance, 22.9% with public insurance, and 43.8% without insurance had a single health care visit in the study year, with that visit being to the ED. Without adjustment for covariates, children with public insurance (unadjusted OR = 2.30, 95% CI = 2.09-2.54) and uninsured children (unadjusted OR = 2.08, 95% CI = 1.63-2.65) were more likely to have high reliance on the ED. After adjustment for covariates, compared to children with private insurance, children with public insurance (aOR = 1.70, 95% CI = 1.47-1.97) and without insurance (aOR = 1.90, 95% CI = 1.49-2.42) remained more likely to have high reliance on the ED (Table 2) . Non-Hispanic black children were more likely to have high reliance on the ED than non-Hispanic white children. Children from families with incomes less than 100% of the FPL and between 100 and 199% of the FPL were more likely to have high EDR than children from families with incomes above 200% of the FPL. Girls were less likely to have high reliance on the ED than boys. Children aged 4 to 9 and 10 to 14 were less likely to have high EDR than children aged 15 to 17. Data are reported as adjusted OR* (95% CI). EDR = ED reliance *The regression analyses adjusted for insurance type, sex, age, race/ethnicity, and family income level.
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DISCUSSION
Health insurance coverage has a significant influence on children's ED utilization. Children with public insurance in our study were more likely to have visited the ED at least once in the study year than children with private insurance, even with adjustment for confounding variables. Previous analyses of 1997 MEPS data did not find a significant difference in overall ED use according to insurance coverage after adjusting for age, sex, number of parents, residence, family income, family size, health status, and race/ethnicity, although the unadjusted estimates showed that children with public insurance were more likely to have visited the ED. 12 Our analyses suggest that while health insurance has significant effects on children's overall ED use, other factors such as age, race/ethnicity, and family income are also independently associated with ED use.
In agreement with previous analyses using 2000 to 2002 MEPS data, children with public insurance were more likely to have two or more ED visits and high EDR than children with private insurance.
14 Contrary to findings from studies conducted in large, free-standing children's hospitals, only 2.1% of children in the MEPS sample who visited the ED in the past year had four or more ED visits. [26] [27] [28] Our findings indicate that publicly insured children are more likely to have visited the ED in the study year and to be reliant on the ED for health care. These children are more likely to be utilizing the ED as their main source of care and are underutilizing primary care centers capable of providing greater continuity of care.
Uninsured children were less likely to have visited the ED at least once in the study year, but those who did were more likely to have high EDR than children with private insurance. The results suggest that most children without insurance do not visit the ED, but for those who do, a large proportion of their health care encounters are in the ED. Nearly half of uninsured children with high EDR reported a single health care visit in the study year and the visit was in the ED, leading to their high EDR value. While small sample sizes of uninsured children may have limited our ability to detect a difference in repeat ED use among children with ED visits, our findings coincide with previous analyses. 14, 26 Prior MEPS analyses on earlier data also indicated that while lower-income children are not more likely to have repeat visits to the ED, they are often reliant on the ED as their main source of health care, as evidenced by a high EDR value. 14 While younger children are more likely to have visited the ED at least once in the study year than older children, they were not more likely to be highly reliant on the ED for care. The present findings suggest that the ED is used to supplement their primary care visits rather than serve as their main source of health care, consistent with previous findings on ED use and EDR.
14 When the primary care office is closed, parents are often counseled by their pediatricians to bring their young children to the ED if they have immediate concerns about their child's health. 21 However, as children typically experience a large number of routine health maintenance visits during the early years of life, ED visits constitute a small percentage of their overall health care encounters, resulting in low EDR. 21, 29 In agreement with previous studies utilizing the MEPS, we did not find significant differences in repeat utilization in non-Hispanic black children compared to non-Hispanic white children, but that they were more likely to have high EDR.
14 This suggests that non-Hispanic black children are highly reliant on the ED as their main source of care when care is needed; however, fewer children from these groups have ED visits. On the other hand, Hispanic children were significantly less likely to visit the ED and to have two or more ED visits than non-Hispanic white children. Prior analyses using other data sources have contradicted the present findings, suggesting that Hispanic and non-Hispanic black children are more likely to have repeat ED visits; however, those analyses did not use nationally representative data. 26, 30, 31 
LIMITATIONS
The study had several limitations. First, the number of health care visits recorded in MEPS was self-reported by the parent during the interview and had not been verified against medical records. 24 However, parents are interviewed five times over their 2-year study period, and as a result, they recall information for a short, recent period of time in each interview. 15 This may also account for some of the differences between the MEPS and NHIS data in regard to the reported percentages of children with at least one ED visit in the past year. The NHIS collects data on insurance coverage and utilization for the past year during a single interview, whereas the MEPS has collected information from two or three interview panels over the 1-year period to determine insurance coverage and utilization. 15, 32 Second, children without health care visits were excluded from the analyses of EDR, as the formula requires at least one visit to be calculated. Although it is important to understand the demographic characteristics of children that are not interacting with the health care system, the examination of these individuals was outside of the focus of the present paper.
CONCLUSIONS
Pediatric ED utilization varies according to insurance coverage, with increased overall utilization, repeat utilization, and ED reliance among children with public insurance compared to children with private insurance. On the other hand, uninsured children were less likely to visit the ED than privately insured children but were more likely to be ED reliant. While previous studies have utilized MEPS data sets to examine pediatric ED utilization, the present analysis provides conclusions using current data. Furthermore, our analyses allow for comparisons between overall ED use, repeat ED use, and ED reliance, enabling us to examine subgroups of children with greater utilization of emergency services in relation to their overall health care utilization. Analyses of repeat utilization and reliance on ED services have enriched our understanding of ED utilization among different populations of children at a national level, which was not previously provided by analyses where the main focus was overall utilization. Through the reduction of reliance on the ED among certain populations, emergent cases might receive more prompt attention at the ED and children with nonurgent issues would receive improved continuity of care at a primary care provider.
